Plasmodium falciparum-infected erythrocytes decrease the integrity of human blood-brain barrier endothelial cell monolayers.
Central to the pathologic progression of human cerebral malaria (CM) is sequestration of Plasmodium falciparum-infected red blood cells (Pf-IRBCs) to the blood-brain barrier (BBB) endothelium. The molecular interactions between Pf-IRBCs and the BBB endothelium and their implications for barrier function are unclear. The effects of Pf-IRBCs on the integrity of the BBB were assessed by electrical cell substrate sensing and by transendothelial electrical resistance measurements in an in vitro human BBB model. In addition, Pf-IRBCs were subfractionated and treated with trypsin, artemisinin, or brefeldin A. Pf-IRBCs, but not normal red blood cells, significantly decreased BBB resistance. Subfractionation showed that both membrane-associated and soluble Pf-IRBC factors mediate the decrease in BBB resistance. Trypsin treatment significantly reduced Pf-IRBC binding but not their ability to decrease electrical resistance. Likewise, P. falciparum isolates with increased binding to human brain microvascular endothelial cells did not alter the electrical resistance response. Soluble factors from Pf-IRBC culture supernatant decreased resistance by 50%-70% and precipitated with 40% ammonium sulfate saturation. Brefeldin-A partially blocked the ability of Pf-IRBCs to reduce resistance. The results suggest that, in CM, trypsin-resistant membrane components and soluble factors of Pf-IRBCs contribute to the impedance of BBB integrity in a multistep and multifactorial process.